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Remarks 

This Reply is timely filed and is responsive lo the Office Acnon mailed January 26, 2006 
(the "Office Action"), In the Office Action, claims 88-102 were pending and claims 88-102 were 
rejecied- 

In this Reply claims 88 and 95 have been amended and claims 96 and 101 Imve been 
cancelled. No new matter has been added. A schematic marked as Exhibit "A" is provided 
solely to facilitate comparison of the cued arc system configurations as compared to Applicants' 
claimed system configurution. 

Now turning to claim rejections based on cited art. Claims 88, 90-91, 94-99, and 100-102 
are rejected under 35 U .S.C. § 103(a) as being unpatentable over U S, Patent No 6,348,278 to La 
Pierre et al. ("La Pierre") m view of U.S. Paient No, 5.449,568 to Michcli el al. ("Micheh") 
Claim 89 is rejected under 35 U,S.C § 103(a) as being unpatentable over La Pierre in view of 
Micheli, as applied to claim 88, and further m view of U.S. Patent No, 6,375.716 to Burchell et 
al. ("Burchell"). Claims 92 and 93 are rejected under 35 U.S.C. § 103(a) as being unpatentable 
over Lit Pierre in view of Micheli, as applied to claim SS, and ftinher in view of U S, Patent No. 
4,810,472 to Andrew et al. ("Andrew"). 

In Applicants Reply filed November 9, 2005 Applicants argued "A principal difference in 
the claimed invention over the cited an ihai provides a sigmficant increase in efficiency is that m 
the claimed inventive system the mixed gas stream (fuel siream) first goes to an expansion 
turbine for generation of electricity before being electrochemically oxidized''. Applicants then 
continued "The same mixed gas siream (fuel stream) is then directed to a gas separation device 
and the resulting respective separated gas streams are directed to separate fuel cells for 
electrochemical oxidation and production of additional electricity. Despite Applicants' arguments 
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and detailed explanation regarding claimed inventive distinctions, the Examiner rejecied all 
claims. According lo the Examiner in the section entitled "Response to Argumenis" (copied 
below); 

Apptlcanis* arguments fJeo 11«/05 have been fuity cons«fefed but triey ar« not 
persuasive. {1> AppUcants ^rguftd the Werence In the ctatmed jn^/^m)on over the cted 
art thai provuJes a signmcam increase in efficiency is that if> Xf\a dainned Inventive 
system the mbced gas stream (fuel stream) first goes to an ©xparwion turt*>e for 
generation of ejectddty t)ofbre tselng efectrochemicaBy ox}dize<r. tt is submiOed tnat the 
apfSled references are capaWe of performinB the intended ftincton of feedmg the mixed 
gas ta tno turtine fofflenofaiion ot electricity before being etectochemJcally oxidized. 
Note, trve system is being examinee ae an epperetus; tnereby. the manner of operafing 
the devk» does not differentiate apparatus claim from the prior art if the prior art 
apparatus teachea all tfie stmctural Itnrtftatfons of the claim. (See Exparte Mashanv 2 
USPQ2D 1647 (BD. Pat App, & tmen 1987), (2) >\ppl(cant5 argued the applied 
refefencea fail to disclose w suggest tising the ^rbines to produce electricity. Examiner 
respedftjily disagrees. The turtimea 45 and 47 of U Pferre we capable of gwwating 
electrfety, Micftell also dtsdoses tr>e separated ^ (via One 48} from a nafomier (41 ) is 
feea lo the turbine 26 to produce electrtcfty (28). Mioheli aiso dtsdoses the separated 
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gas is fed to The lurtxnes 64 and ^ to pnoduce ejectricity as shown Ja FIgu re. (3) 
ApplicarUs argued neither La Pierre iJorMichelj dbdose Of suggest eteciJO<S>enricaay 
oxidizing a second gas stream (reieniata stream) to produce efecmdiy. 6x9ma>er 
respectfully disagrees. LafSerre discioses the separated gas (purified hydjogen) is fed 
to the hydfogim fuel cell 52, Examiner agfees LaPtene fen to dtscfose a second fuel 
ceO for eieciroche^DicaMy oxidizing said second gas stream (mainly C02) to produce 
eiectridty, M^cheli teaches the second gas stream (via line 46) oontaJnlng mainly C02 
gas is fed to the C02 fuel cell (14) to produce electricity (39) Thus, ft wojld have been 
obvfous \f\ view of Micteli to one having c^dinary skiUln the art to modify the apparatus 
of LaRerre wnh a C02 fuel c^ as taughi by Mk*«i in oidar to oscjdize the second gas 
stream. (4) Applicant ajso argued the ea^aust gas stream of Micheli is directed to the 
cathode of fuel odl 14 is eiectrochenrwcally reduced, not etectrochemicaily oxidized. 
Examiner respectfully disagrees. Michelf aJsdoses ite second ggs stream of ite 
daimed invention containing a high concentration of C02 and the gas snoam is fed to 
the sola o)ade fuel cell 14 erf the datmad Invention to prockioe electrictty. Thus, one of 
ordinary skill in the art in view of the appRed references wouW have expected the 
exhaust gas stream Oeing elecrochemicaiiy oxidized in the fuel oeS 14, tn additEon. 
^apparatus dalms cover what a device is, not what a device dose". See in ts ScmJt>&r 
and H&wi&n'P&cKarci Ca Baush & Lt>mt> Inc, lAPEP 21 14, 

In response, as amended, claim 88 (copied below; changes shown) now explicitly recires 
several adduional structural hmuaiions which clearly specify the unique imerconneciion of the 
various system components comprising Applicants' claimed system. 

88. (Currently amended) A system for converting fuel energy to electricity, 
comprising: 

;WP29509l.^j 
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a refooner for convening a higher molecular weight gas inro ai least one mixed gas 
stream of lower average molecular weigbr coraprismg at least a first lovi^er molecular v^eight gas 
and a second gas, said first and second gases being differem gases , wherein said first |ower 
molecular weialir gas comprises Ho and said second ^as compnses CO : 

at least one lurbine coupled to an electrical generaror havins an input connected to an 
output of said reformer, said turbine [to produce] receiving said mixed sas stream and seneratmt; 
elecrrtciiy from expansion of said noixed gas stream; 

a separator connected to an output of said turbine, said separator having a first and a 
second ouiput for dividing said mixed gas strea m, wherein [into] a Crsi gas stream mainly 
comprising said first lowor - moloculor weight gas H p is provided at said first oucpui and a second 
gas stream mamly comprising said s e cond gas CO is provided ai said second output : 

a first fuel cell, an anode of said first fuel cell connected to said first output for 
electrochemicaJly oxidizing said first gas stream to produce electricity; and 

a second fuel cell, an anode of said second fuel cell connected to said second output for 

electrochemically oxidiZing said second gas stream to produce electricity. 

The structural features added to amended claim 88 are clearly shovvn in Exhibit "A'' and 

include: 

(i) a "turbine coupled lo an electrical generator having an mput connected to an output of said 
reformer, said turbine receiving said mixed gas stream (output by the reformer) and generating 
electricity from expansion of said mixed gas stream^'; 

(li) a "ijeparator connected to an output of said turbine, said separator having a first and a second 
output for dividing said mixed gas stream", 

(ill) the "anode of said first fiiel cell connected to said first output (of said separator) for 
electrochemically oxidizing said first gas stream to produce electricity" and 
IV) the "anode of said second fuel cell connected to said second output (of said scrparaior) for 
electrochemically oxidi2mg said second gas suream to produce electricity". 



:\vp2v50*;i.4: 
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Amended claim 88 rtius recues a system for convening fuel energy to electncity, 
comprising a reformer for convening a higher molecular weighi gas imo ai least one mixed ga$ 
stream (fuel sireani) of lower average molecular weight comprising at least a first lower 
molecular weight gas and a second gas, the first and second gases being different gases. The 
ouipui of ihe reformer is connected to ihe claimed oirbine which coupled lo an electrical 
generator ro produce eJectriciry from expansion of the mixed gas su-eam (fuel stream provided by 
the reformer), Suppon for the turbine coupled to an elecurical generator can be found in the 
paragraph beginning on hne 1 9 page 1 1 of Applicants' specification. A separator is connected to 
the oucpiit of the turbine. The separator divides the mixed gas stream imo a first gas stream 
mainly comprising the H2 and a second gas su-eum mainly comprising the CO. The claimed 
sy^jiem also recites iwo (2) tuel cells each of which produces electricity by electrochemically 
oxidizing at iheir anodes a fuel from the respective gas streams generated by the reformer and 
splii by the separator. 

A principal difference m ihe claimed invention over the cued an that provides a 
significant increase m efficiency is that in the claimed system the mixed gas stream (fuel siream) 
output by the reformery/r^/ goes to an expansion tto-bine (which is coupled lo an elecinc 
generator) for generation of electricity before being electrochemically oxidized by fuel cells. As 
noted on pages 12 lines 2 -7 Applicants' application: 

The ihermodynainic efficiency of the turbme expansion process is mcreused compared to 
prior systems m at least two ways. The use of a working fluid or working fluid mixture having a 
high specific volume (such as CO and H2) lo power turbine 120 results in an increased power 
density and energy conversion efficiency for the overall power system compared to systems 
which use lower specific volume working fluids, such as conventional combustion products (e.g. 
CO2 and air). 

As noted on page 12, line 18 to page 13, line 1: 
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Thus, assuming ihe same rate of expansion in turbine 120, the specific puwer 
(power/mass) generated by The expansion of xhe synthesis gas is approximately two and three 
times greater, respectively, compared to turbiae^ which use steam or air as the working fliud. 

The second "way*^ ihe claimed arrangement where the turbine produces electricity from 

expansion of the mixed gas stream increases efficiency is described on page 13» lines 3-8 (copied 

below): 

In addition, the use synthesis gas as the working fluid for miiDine expansion largely 
avoids the inherent thermody^miic efficiency limitations imposed by ihe Carooi principle on 
conventional power systems which use cyclic processes because the synthesis gas used by 
system 100 goes to the turbine 120 ai an elevated pressure (e.g. the pressure of a typical gas 
main) and is subsequently reacted electrochemically. 

The sanie mixed gas stream (fuel stream) is then directed to a gas separation device 
(separator) and the resulting respective separated gas streams, are directed to separate fuel cells 
for electrochemical oxidation and production of additional electricity, in contrast, as will be 
demonstrated below, Lu Pierre and Micbeli both exclusively teach first directing the fuel gases to 
a fuel cell for generation of electricity. The fiiel gases thus undergo electrochemical reactions 
and are as a result changed in composition. 

La Pierre is entitled "method and system for supplying hydrogen for use in fuel cells'* and 
discloses a method and system for efficiently producing hydrogen that can be supplied to a fuel 
cell. The method and system produce hydrogen m a reforming reactor (12) using a hydrocarbon 
sn-eam and water vapor stream as reactants. The hydrogen produced in the reformaie sn-eam is 
purified in a hydrogen separating membrane (14) to form a retentate stream snipped of H2 (42) 
and a purified hydrogen stream (40). The purified hydrogen stream (40) is then fed to a fuel cell 
(52) where electrical ejiergy jS produced and a ftiel cell exhaust stream containing water vapor 
and oxygen depleted aar is emitted. In a preferred embodiment, a means and method is provided 
for recycling a portion of the retentate stream (42) to the reforming reactor (12) for increased 
hydrogen yields. In another embodiment, a combustor (94) is provided for combusting a second 
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portion of ihe reieniute stream lo provide heat to the reforming reaction or other reaciants. In the 
preferred embodiment, the combustion is carrit^d out in the presence of m least a portion of the 
oxygen depleted air stream from ihe fuel cell (52), 

A key aspect of LaPierre's invention is efficient use of the heat and energy from various 
product streams to increase the e fficiency of id? production According to the Background, col. 2 
line 66 to col, 3, line 3 "Thus, there is a need in the art for a method and system, based on the 
refonning of hydrocarbons, for efficiently supplying hydrogen to a fuel cell Particularly, there is 
a need to more efficiently use the products, heat, or energy generated in the reforming reaction 
and fuel cell to operate the system. There is also a need to optimize the yields of hydrogen 
obtained from die reforming reaction while maintaining energy efficiency of the system". 
According to LaPierre's Summary of the inveniion, coL 3, lines 14-17 "The method and system 
of The present invention uses ihe products and the associated energy and/or heat produced from 
the system to operate the system". Col. 9, lines 19 to col. 10, line 25 is copied below regarding 
specificny regarding tins key aspect: 

The fuel ceil integrated system 10 efficiently uses the heat and energy fi-om various product 
streams to efficiently produce hydrogen. For example, in a preferred embodiment, as shown m 
FIG. 1, the fuel cell integrated system 10 has a retentate recycle means that includes a splitter 44, 
for removing at least a ponion of the retentate stream 42 as a retentate recycle stream 46 and 
recycUng it to the refonning reactor 12 Another portion of the retentate stream 42 is shown as an 
exhaust lail gas stream 4S that is preferably oxidized in a combustor 94 (described hereinafter). It 
will be uppttrent w those skdhd in ihe an (hut any suiiabltf means for recycling the retentate 
stream may be used that removes a portion of (he retentate stream for recycle and directs the 
retentate recycle to the reforming reactor. It is also desirable that the retentate recycle means be 
capable of operating at the temperatures and pressures of the reforming reactor. Suitable retentate 
recycle means include for example, a spUner used in conjunction with, but not limited to, a 
Turbine or other type of compression pump 

By recycling a portion of the retentate sn-eam to the reforming reactor higher yields of hydrogen 
per moie of hydrocacbon reacted can be achieved. For example, iliermodyjiarmc culculacions 
suggesi that recycling a ponion of the retentate su-eam 42 shifts the equilibrium of Equations (1, 
n, and 111) to produce more hydrogen. This results because the retentate stream 42 contains 
primarily water vapor and is panially depleted of hydrogen, thereby reducmg the concentration 

12 



PA(S 14/26 * RCVD AT 481/2006 4:45:56 PM [Eastern Daylight 



APR-21-06 04:47PM FIWIifr-AKERMAK SENTERFIH 



5616598313 



T-768 P. 15/26 F-963 



of hydrogen and increasing the concentrauon of water vapor in the reforming reacrion zone. This 
shift in hydrogen and ^valer vapor concentrations in The reforming reacnon zone drives the 
refciciion equiUbnunis to produce more hydrogen, and less methane and carbon monoxide. 
Althou^ the retemaie siream 42 also coniains carbon dioxide, The level of carbon dioxide does 
not ouiweigh ihe effecT of ihe iidditional waier vapor to drive the production of hydrogen. 

In addition to shifting ihe equilibrium reaction towards ihe production of more hydrogen, the 
higher flow rates tluough the reactor with recycle lead to improved mixing which results in a 
more uniform temperature distribution and betrer contacting of the reactants with the cauilyst. 
Recycle also desirably introduces hydrogen at the mlei of the reformmg reactor thereby reducing 
coking (deposition of carbon) on the catalyst. An additional advantage to recycling the reienxate 
stream 42 is that the external requirements for water are reduced, allowing ihe reforming reactor 
to be efficiently operated ai lower steam to feed carbon ratios. 

Preferably the reteniaie recycle ratio, expressed as the moles of reientate recycle stream 46 to the 
moles of exhaust tail gas stream 48 is preferably from about 1:20 to about 20:1, more preferably 
from about 1:1 lo abom 10;1, and most preferably from about 2:1 to abouT 5:1. By recycling a 
portion of the rerentaie STreuiTi 42, the yields of hydrogen, on a molar basis, can be increased by 
aT leasT 10% more preferably 50% and mosT preferably 100% based on the yield of hydrogen 
obtained with no recycle of ihe retentate srream 42. Although ix would be expecred ihai a higher 
reientare recycle ratio would produce the highest yield of hydrogen and would therefore be most 
desirable, it has been discovered that for un overall energy efficient system, it is most desirable to 
not recycle all of The retemate stream to the refonning reactor. Rather, it is desu-able to direct ar 
ieasr a ponion of the retemaie stream to combusior 94 to supply heat to the reforming reacror, the 
hydrocarbon feed, the water stream, or reientate recycle stream, or combinaiions thereof. 
Additionally, in the case where the reforming reactor is operated ai a higher teraperaTure than the 
hydrogen separating membrane, which could be limited by ihe physical characteristics of the 
membrane, increasing ihe retemate recycle stream^ increases ihe amount of heat needed to bring 
the retemate recycle stream up to operating lemperamres of the reformmg reactor. Thus, the 
prcfenrcd amount of reientate stream recycled above needs to take into account a variety of 
factors 

Thus, LaPierre reaches that the reientate (42) from the hydrogen separation device (14) is 
divided into two streams of jdemical composition, one of which is sent to a recycle turbine (45) 
or other pressure increasing device, i.e., a compressor for compression up to the pressure of the 
rcfonner and this stream, which has considerable CO, is further reformed to produce more 
hydrogen. See Exhibit "A". LaPierre teaches That the second divided portion of the reientate 
siream, referred to as the exhaust tail gas sTream is delivered to an exhaust Turbine (47) or oTher 
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pressure reducmg device to decrease the pressure of the exhaust t^l gas stream to the operating 
prcssLire of ihe conibuscor. 

AllhoLigli the Examiner asserts ia ihe ''Response lu Art^umenis," that ''The turbines 45 
and 47 of LaPierre are capable of generating electriciiy". Applicants respectfully disagree. 
Neither lurbhie 45 or 47 is a powtfr turbine. According to LaPierre turbine 45 is "... a recycle 
lurbine 45 or other pressure increasing device. . " [Column 14; Lines 3 1-32] Ii is often called a 
[aibocompre=isor. This is an energy consuming device iu^d is not capable of producing 
eleciriciiy, only consuming it. According to LaPierre turbme 47 is , .an exhaust uirbine 47 or 
other similar pressure reducmg device..." [Column 14; Lines 35-36] Its scaled function is to 
decrease ihc pressure of ilic exhaust tail g^s stream 48 to the opcmmg pressure of the 
combustor. 

Applicants aJso note that LaPierre's turbines 45 and 47 are also positioned differently in 
his disclosed system and act on a different gas stream as compared lo Applicants' claimed turbme 
which has its input connected to an output of the reformer (thus receiving the mixed fuel gas 
stream). See Exhibit "A" 

The exhaust tail gas stream follows a circuitous route to the combustor internally 
disposed in reformer 12 where ii is combined with fuel gas and other recycle gases and 
combusted to provide the heac for the reformer 12. Thus, the net result of the teaching of 
LaPiene is that the second poHiOn of the divided retentate stream, called the exhaust tail gas 
stream (47), is directed to rhe internal combustor and burned to provide heat for the reforming 
reaction which increases efficiency of production. Thus, the rememate stream (42) having 
considerable CO is divided between a recycle turbine (45) or other pressure increasing device 
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and exhaust turbme (47) or other pressure reducing device to decrease the pressure of ihe exhaust 
tail gas siream to the operating pressure of the combustor (1 10). 

As correctly noted by the Exaunmer, LaPierre discloses a single fuel cell. The Ho rich fliel 
siream provided by La Pierre's separator 14 is the fuel which is fed to the anode of fuel ceil 52 
where ii is electrochemicully oxidized. 

LaPienre does not recognize that the CO comprising reieniate flow can be u$ed as a fuel 
soLirce lo be eiectrochemically oxidized by a fuel cell Moreover, the disclosed composiuon of 
reieniace stream 42 by La PieiTre comprises waier vapor, carbon dioxide, methane and carbon 
monoxide (Column 8; Lines 48-50) teaches away from use of retemate stream 42 as a fuel since 
only methane and carbon monoxide are directly eiectrochemically oxidizable. Carbon dioxide is 
not a fij.gl as it cannot be oxidized being in its fully oxidized state. La Pierre instead as noted 
above throughout teaches using the CO comprising retentaie flow to increase the efficiency of 
hydrogen production. 

LaPierre explicitly leuches away from using CO in a fuel cell. Specifically, LaPierre 
teaches that carbon monoxide (CO) is an impurity for a fuel cell. Col 8, lines 39-46 disclose the 
folio wmg 

The hydrogen leaves the penneate side 38 of the membrane as a purified hydrogen stream 40 that 
contains preferably less than lO.OOU ppm impurities, more preferably less than 50 ppm impurities 
and most preferably less than 10 ppm impuniies (based on total volume of the purified hydrogen 
stream). By "iinpuriiies" ii is meum substanctr:> itiat adversely affea the performance of the fuel 
cell such as carton monoxide. The portion of the retbrmate siream 32 remaining on the retentate 
side 36 leaves the hydrogen separating membrane 14 as a retemate stream 42 that contains water 
vapor, carbon dioxide, methane, carbon monoxide, and possibly unreacied or partially reacted 
hydrocarbons. 

Thus, La Pierre does not disclose or suggest Apphcants' claimed turbine (which is 
coupled to an electric generator) connected to an output of the reformer for producing electricity 
from expansion of the mixed (Hi and CO comprising) gas output. Moreover, as correcily noted 
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by the Examiner, La Pierre does not disclose or suggest a second fuel cell to eJcctrocbemicully 
oxidize a second gas stream (the retentate stream) to produce electricity. As noted above. La 
Pierre fact teaches away from use of a second fuel cell based on (i) utiluing the retemaie flow to 
increase Hz production efficiency of the reforming reaction and (u) the characterization of CO as 
an impurity being in a class of ''subsmnces that adversely affect the performance of the fuel cell" 

Micheli is used by the Examiner in an anempt to make up for La Pierre's acknowledged 
single fuel cell deficiency. According to the Examiner regarding Micheli; 

eidctridty. Michefi teaches the second gas scream {via fin© 46) conttfnfng malnfy 002 
gas fs fed to the C02 fuel cell (14) to produce electricity (39), Tlius, H would hav^ 
obvious to view of Micheli to one having onfloafy skill tn the art to modify me apparatus 
of LaPferre w*h a C02 fuel as lau^i by Micftdi in onier lo oxidize m seoood gas 
stream. (4) Applicant also argued the asthaust gas weam of MicheD s diracted to (ne 
catnode of fuel celh4 « elecirochefrically reduced, not eJectrochem^ly oxidizea. 
Ejsaminerr&apectfully disagrees. Micheli dtsctoses me second gas stream <rf me 
claimed mvention containing a high coocentration of C02 and me gae straam js fed to 
the solkJ oxde fuei cell 14 of ihe darmed invention to produce electricity- Thus, one of 
ordinary skill h the art in vfev/ of me appfed references vyouW have expected the 
exhaust gas stream o^ng ^ctrochenfficaily oxid^ fn the fiiel ceB 14. In addJlioo, 

Applicams rcspecifully disagree with many of the assenions above regarding Micheli 
noied above and in ihe "Response to Arguments" section . Micheh discloses an indirect-heated 
gas tiirbine cycle is botiomed with a fuel cell cycle with the heated air discharged from the gas 
turbine being directly utilized at the cathode of the fuel cell for the electriciiy-producing 
electrochemical reaction occurring within the fuel cell. The fuel cell disclosed is a molten 
carboniite fuel cell (MCFC). The following is taken from ihe DOE Office of Fossil Energy Web 
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Site rei^aTclins MCFCs {see ml 

_hlip://\vw\v fossLlxncf^ y i;ov/progfams/powersvsiems/fuelcens/Tue]cells moitencarb himlV "At 
rhc anode, hydrogen reacts wiili ihe carbonate ions to produce water, carbon dioxide, and 
elecirons The electrons imvel through an external circuit creating eleciricicy and return to the 
caihode. There, oxygen from the air and carbon dioxide recycled from the anode react with the 
electrons to form carbonate ions ihat replenish the electrolyte und provide ionic conduction 
through the electrolyte, completmg the circuit." 

Tbu*>, the electrochemical reactions occurring in the MCFC cell are: 
oxidation of hydrogen at the anode: Hi + C03= = H2O CO2 + 2e- 
reduction of oxygen at the cathode: I/2O2 + CO2 + 2e- = CO3 
with the overall cell reaction: H3 I/2O2 CO2 (cathode) - H2O CO2 (anode) 

The hot cathode recycle gases provide a substantial portion of the heal required for the 
indirect heating of the compressed air used in the gas turbine cycle. A separate combusior 
provides the balance of the heat needed for the indirect heating of the compressed air used in the 
^as turbine cycle. Hot gases from the fuel cell are used in the combusior to reduce both the fuel 
requirements of the combusior and the NO, emissions iherefrom. Residual heat remaming in the 
atr-heaiing gases after completing the heating thereof is used in a steam turbine cycle or in an 
absorption refrigeration cycle. 

Referring to Exhibit "A", Micbeli thus discloses a system having a single fuel cell as does 
La Pierre. Micheh's fuel cell 14 receives fuel that has not been reformed, such as natural gas 37 
ai anode 36 where it is elecirochemically oxidized. Micheh discloses use of hot CO2 to the 
caihode of the MCFC fuel cell 14 as noted belov^, where the CO2 is derived from gas exhausted 
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trom the anode 36 of fuel cell 14. CO2 is Thus noi a fuel ia Mjcheli, rather ii is used together with 

oxygen for the reduction reaction and replenishment of the molien carbonaie electrolyte. 

For this purpose gases exhausted from the anode 36 are passed through a conduit 42 into 
ihe catalytic reactor 41 where ihey are mixed with a ponion of the recycle gases from the 
caihode 32 thai are conveyed 10 the reactor 41 through conduit 43. The hot gases resulting from 
ihe caialyuc reaction including the CO2 are discharged from the reactor 41 and conveyed into a 
CO2 separator 44 ihrou^i conduit 45 for the separation of the CO2 from the stream of reaction 
gases. This separation of the CCh from the stream of reaction gases can be achieved in any 
suitable noanner such as by using a ceramic membrane selectively permeable to The stream 
of CO2 separated from the reactor exhaust stream can be mixed with the cathode air stream by 
connecting the CO2 separator to the conduit 34 with conduit 46. If additional CO^ is required for 
the electrochemical reaction during fuel cell stan-up or during the operation of the fuel cell, 
selected amounts of CO2 from any suitable source (not shown) can be added to the cathode air 
supply via line 47 shown coupled to line 46. 

In the £xaminer^s "Response to Arguments/' the Excu-niner asserts "it would have been 

obvious in view of Micheli ro one having ordinary skill inihe art *\ . .to modify the apparatus of 

LaPicrre with a CO2 fuel cell as taught by Miche[i in order to oxidize the second gas stream." 

Applicants respt^ctfuily disagree. LaPierre's retemaie gas stream is the stream in question here 

and in LaPieire, this stream is divided mto two streams of identical composition, i.e., the 

^'.-.reieniate recycle stream 46 and exhaust rail gas stream 48." Although these streams have 

Significant fuel value, i.e., oxidtzablc species, and are used in the reforming reactor und 

combustor, respectively, to provide reactanis for more hydrogen production or for heat, they are 

nor suitable fuels for eiecirochcmicul oxidation at the anode of a fiiel cell due to diluents, 

coniaminanis, and reuciion products of reforming. The retematc stream is also not suitable as an 

oxidizing agent on the cuthode side of a fuel cell. The ^'C02 fuel cell" of Micheli is a molten 

carbonate fuel cell ;md Uae CO:; is used 10 replenish the molten carbonate through reaction with 

oxygen in the air stream at the cathode of tlie fuel cell. Absolutely, unequivocally, 

electrochemical oxiditiion in a fuel cell occurs only ai the anode and. conversely, electrochemical 

reduction m a fuel cell occurs only at the cathode. The rcientate gas stream of LaPierre thus 



tWP2950yi.4; 
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would clearly not be a iuiiabJe feed for ihe cathode as u contains fuel gases, which are oxidizable 
and roUucuon occurs ui the c«ihode. 

In the Examiner's Response lo Argumems," ihe Examiner also assent "Micheli also 
discloses ihe separated gas (via line 46) from a reformer (41) is feed to the turbine 26 to produce 
electricity (2i>)/^ Apphcams respectfijlly disagree with this assertion. As ^siated in Micheli 
[Column 6; Lines 22-28] 41 is '\ . a residual fUcl convener such as a catalytic reactor shown at 
4] can be used to produce CO2 by reacting gaseous rcacianis in the anode and cathode gas 
stredins including residual fuel values in the anode exhaust stream in the presence of a suitable 
caialysi sucli as a plaiinum-nickei catalyst." Thus, 41 is not a reformer us assened but rather an 
oxidizer 10 convert ail residual fuels and byproducts as a heat source. Further, CO2 is noi fed 10 
turbine 26, rather the CO2 is mixed with the cathode air stream [Column 6; Lines 39-42] and 
delivered to the caihode if fijcl cell H-See Exhibit "A" also. Turbine 26 is an indireci-fired gas 
nifbine that uses air as the working fluid [Colunm 5, Lines 33-36J. The cathode air stream Is the 
hoi air stream exhausted from the gas turbine 26 [Column 5; Lines 33-36]. 

Moreover, ii^ ihe Examiner's "Response to Areuments," the Examiner assens that . .the 
separated gas is fed 10 the turbines 64 and 68 to produce electricity.../' Applicants respectfully 
disagree wirh this assenion. Micheli actually discloses [Column 7; Lines 53-58] that these 
exhaust gases are preferably passed through line 60 mto a boiler or the hke 62 of a steam turbine 
cycle 64 for die generation of elccnical power by a generator 66." Further, Micheli discloses 
(Colunrm 8; Lines 8-12] " ..a low-pressure turbine 68 wjih an electrical generator 70 is 
connected-. -10 the cathode discharge line 48 for receiving a portion or all of the caUtode exhaust 
scream " 
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The Examiner uses as the mouvaiion to combine Micheli with La Pierre "to produce 
electr4C«y" lo assert that it would have been "obvious in view of Micheli '568 to one having 
ordinary skill in the art lo modify ihe fuel converting system of La Pierre with a second fuel cell 
... as taughi by Micheli to produce eleciriciry" Applicants respectfully disagree with the assened 
combinaiion as explained below because the cited art does not contain any suggestion or 
incentive that would have motivated one skilled in the an lo modify a reference or to combine 
the respective references to obtam the claimed Invention. 

As noted above, Micheli's MCFC fuel cell requires a supply of fuel 37 to produce 
elecuricity. The CO: generated by Micheli's system used by the fuel cell 14 is not a fuel and is 
supplied to the cathode of the MCFC for combination with oxide ions produced in the reduction 
reaction to forni carbonate. Accordingly, although elecmcity is produced by fuel cell 14, fuel 
must be supplied to the anode of the fuel cell to produce the electricity. Thus, the proposed 
insertion of Micheli's fuel cell into La Pienre*s system would require a fuel flow to the anode and 
the rcteniate flow 42 to the cathode. The requirement for a fuel flow (reference 37 in Micheli) for 
operation of the Micheli fuel cell 14 would by itself teach away from its addition to La Pierre's 
system. 

Micheh teaches the use of a fuel cell operating on a gas mixture that has not been 
reformed and thus teaches the use of only one fuel cell ihai is capable of internal refoiining, 
which eliminates the possibility of separating the mixed gases into component parts that may be 
used separately us* fuel for fuel cells. 

Both Micheli and LaPierre teach away irom the use of a CO-nch siream as a fuel for a 
fuel cell. Such as Applicctnis' claimed second fuel cell. As noted ubove, LaPierre at Column 8, 
Lines 44-46, characten^cs CO as an "inipunttes" since it is in a class of materials "that adversely 
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afteci ihc performance of the fticl cell such as carbon monoxide." Micheh reaches the use of a 
fuel gas, sucli as naturul ^as, chat has nor undergone a separation step into its constituent parts, as 
fuel for the fuel ceil. Thus, Micheli teaches the use of natural gas, synthesis gas, or oxher gas 
mixture but teaches away for a separation process to enrich a stream in eitlier hydrogen or CO 

Finally, as noted above. La Pierre in fact teaches away from use of a second fuel cell 
based on the focus of his invention being uuhzing the retenraie flow to increase H3 production 
efficiency of the reforming reaction. 

Accordingly, as explained above, a prima fac;e case for obviousness is not present 
because the cued art does not contain any suggesrion or incentive that would have motivated one 
skilled in the an to modify the references or to combine references to obtain the claimed 
invention. Moreover, Applicants have submitted persuasive objective evidence ihat demonstrates 
it is not even reasonable to combine La Pierre and Micheli. 

The proposed combination of La Pierre and Micheli does not disclose or suggest 
Applicants' claimed "rurbine coupled to an electrical generator having an input cormected to an 
output of said reformer, said reformer receiving said mixed gas stream and generating electricity 
from expansion of said mixed gas stream [generated by the reformer]". This novel arrangement 
allows the mixed gas stream (fuel stream) to first go to an expansion turbine for generation of 
electricity before being eJectrochemicalJy oxidized and provides a significant increase in 
efficiency as described m Applicants' application due in part to the use of a workmg fluid or 
working fluid mixture having a high specific volume (such as CO and H2) to power turbine 120 
resulting in an increased power density and energy conversion efficiency for the overall power 
system compared to systems which use lower specific volume working fluids, such as 
conventional combuiition products (e.g. CO2 and air). 
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Although both La Pierre and Micbeli disclose lurbtaes, the rurbines are not connected lo 
The output of a reformer ns claimed by Applicants. In La Pierre, although a reformer 12 and 
turbines 45.47 iire disclosed, a separator 14 iS disposed between reformer 12 and turbmes 45, 47. 

Thus, Micheh does not make up for La Pierre's deficiency of failing to disclose or 
suggest Applicants' claimed (i) "turbine coupled to an electrical generator having an input 
connected lo an output of said reformer, said turbine receiving said mixed gas stream and 
generating elecrriciry from expansion of said mixed gas stream" and d) "u second ftiel cell 
connected to said second output [wherein a "gas stream mainly comprising said CO is provided 
at said second output"] for electrochemically oxidizing said second gas stream to produce 
electricity". Accordingly, amended claim 88 and its respective dependent claims evidence an 
inventive step and are thus patentable over the cited an. 

Applicants have made every effort to present claims which distinguish over the cited an, 
and it is beheved thai all claims are now in condition for allowance. However, the Examiner is 
invited to call the undersigned (at 561-671 -3662) if it is believed that a telephonic mterview 
would expedite the prosecution of the application to an allowance. 
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Although no fees are believed to be due, the Commissioner for Patents is hereby 
auiborized to charge aiiy deficiency in fees due with the fihng of ihjs document and during 
prosecution of this application lo Deposit Account No. oO-095l, 

RespectfijUy submitted, 
aKERMAN S£NTERFn 

Dute; April . 2006 



Docket No. 6321-194 



Neil R. Jetier, Reg. Noy 
AKERMAN SENTBI 
P.O. Box 3188 
West Palm Beach. Ffe'33402-3lS8 
Tel; 561-653-5000 
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